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The studies to be  presented are part of a  series of investigations  on  the 
metabolism of the  kidney in renal  hypertenison.  In a  previous  paper  (1) 
it was reported that the oxygen consumption of kidney slices and the oxidative 
deamination of amino acids and amines of slices and of extracts of kidneys 
from hypertensive dogs were markedly decreased  as compared  with kidneys 
from normal dogs.  In the present study, an examination has been made of 
the  cytochrome c  concentration, the activities of  the  cytochrome  oxidase, 
and of the succlnic dehydrogenase  systems in the kidneys of dogs with renal 
hypertension.  The effect of tissue  suspensions and extracts of kidneys from 
hypertensive dogs and of preparations containing renin on the activities of the 
respiratory enzymes was  also  studied? 
Methods 
Young dogs weighing 9 to 12 kilos were used for the experiments.  Renal hypertension was 
produced by the clamping procedure of Goldblatt, Lynch, Hanzal, and Sttrnrnerville (2) ap- 
plied either bilaterally or unilaterally to the left renal artery.  The silk perinephritis method of 
Page (3) was also used both bilaterally and unilaterally.  All blood pressure determinations 
were made on the unanesthetized animals.  The blood pressure values for the last 5 days of the 
hypertensive period were averaged.  The blood pressure of the dogs was measured by direct 
intmarterial puncture of the femoral artery using a No. 20 hypodermic needle connected to a 
mercury manometer.  Normal animals and animals submitted to sham operations served as 
controls.  All food except water was withdrawn for 24 hours before the animals were killed. 
Only kidneys which did not show any gross signs of necrosis were used.  Histological ex- 
aminations of the portions of the kidney adjacent to the parts used in these experiments showed 
no necrosis.  All measurements of oxygen consumption were made with the Barcroft-Warburg 
apparatus.  Tissue slices, tissue suspensions, and tissue extracts were used.  Slices of cortex, 
about 0.2 to 0.3 man. thick were taken from the midportion as well as from the poles.  The ratio 
of the wet weight to  dry weight was determined separately  in a  series  of  slices  and  the 
same factor, 4.6, was used throughout in calculating dry weights for the Qot values.  Weighed 
t A preliminary report of this study has appeared in Science, 1944,100, 574. 
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mounts of the cortical tissue were homogenized according to the technique of Potter and Elveh- 
jem (4) in M/30 phosphate buffer of pH 7.4, or in distilled water.  Aliquots were tested for the 
concentration of cytochrome c and also for their cytochrome oxidase and succinic dehydro- 
genase activities.  A  final aliquot was dried at 110  o C.  and weighed.  The measurements 
were made at pH 7.2 or pH 7.4.  The vessels were shaken at a rate of about 130 oscillations per 
minute in a water bath at 37.4  ° C. 
The cytochrome c was prepared from beef hearts by the method of Keilin and I-Iartree (5). 
The cytochrome-iron content was estimated by the a,a'-dipyridyl method of Hill and Keilin 
(6).  It was found to represent 0.34 per cent of the total solids. 
All the figures given in the tables represent the average of at least three determinations. 
Cylochrome c.--The cytochrome c content of the tissues was determined by the manometric 
method of Stotz (7), and in a number of experiments by the spectrophotometric technique of 
Potter and DuBois (8).  The results are given in micrograms of cytochrome c per gram of 
dried tissue. 
Cytochrome Oxidase Aaidty.--The rate of the oxidation of p-phenylenediamine or of hydro- 
qninone by the kidney suspensions in the presence of an excess of cytochrome c was used as a 
measure of the activity of the cytochrome oxidase system.  The determination of the cyto- 
chrome oxidase activity was carried out according to the procedure as described by Stotz (7). 
Into the main compartment of the flasks were placed 1.0 nil. of 0.2 M phosphate buffer of pH 
7.2, 0.5 ml. or 1.0 ml. of the tissue suspension, and 1.0 nil. of the cytochrome solution (1  X 
10  -4  n~  of  cytochrome  c  per  ml.).  The  side  bulb  of  the  flasks  contained 0.3  mi.  of 
a  0.2 ~  hydroquinone solution.  The vessels contained air in the gas space.  Boiled tissue 
suspensions were  used  as  controls.  In some  experiments, when hydroquinone was  used 
as a  substrate, 0.2 ml. of a  0.15 u  solution of semicarhazide hydrocMoride adjusted to pH 
7.2 was  also added to the reaction mixture  (Schultze  (9)).  The center cup of the flasks 
contained 0.2 mi. of a 20 per cent potassium hydroxide solution and filter paper.  The term 
--QO~ cytochrome oxidase represents the rate of the reaction expressed in mean microliters of 
oxygen taken up per hour per miUigram of nitrogen. 
The Succinic Dehydrogenase  System.--When tissue slices were used the respiration measure- 
ments were carried out by the direct method of Waxburg (10).  The rate of the oxidation of 
succinate by thin slices was determined by the procedure described by Rosenthal (11).  The 
slices  were  suspended  in  bicarbonate-free Ringer  solution  or  Ringer-phosphate  solution 
(Dickens and ~imer (12)).  The values obtained for the rate of the oxidation of succinate were 
the same for both media.  Sodium succinate was tipped in from the side bulb and the final 
concentration of succinate was 0.04 ~. 
The reaction mixture, in those experiments in which tissue suspensions were used, consisted 
of 0.5 ml. or 1.0 ml. of the tissue suspension, succinate in a final concentration of 0.05 M, and 
cytochrome c in a final concentration of 10  -4 mM.  Sufficient phosphate buffer of pH 7.4 was 
added to make the final concentration M/30 and the final volume 3.0 ml.  The experiments 
were carried out with air in the gas space.  The term -Q0~ dehydrogenase represents the rate 
of the reaction of the entire enzyme complex involved in the aerobic oxidation of succinate 
(expressed in mean microliters of oxygen taken up per hour per milligram of dried tissue). 
The nucleotide-bound phosphorus was determined by the method of Berenblum, Chain, and 
Heatley (13) with the modification suggested by Rosenthal and Drabkin (14). 
The tissue extracts were prepared by lightly grinding weighed amounts of kidney tissue 
(cortex and medulla) with purified sand.  The suspension was transferred to a graduated test 
tube and a definite volume of water or ~/30 phosphate buffer, pH 7.4, was added, following 
which extraction was accomplished by placing in a mechanical shaker for 30 minutes.  The 
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this extract was employed without further treatment and in some experiments the extract was 
dialyzed for 16 hours in cellophane bags against u/50 phosphate buffer of pH 7.4. 
Extracts were also made by homogenizing the tissue in phosphate buffer of pH 7.4, or in 
distilled water and subsequently shaking the mixture and centrifuging.  The supernatant 
fluid was used as the tissue extract. 
The renin used in the experiments was prepared according to the method of Helmet and 
Page (15).  The nitrogen content was between 1.3 and 1.5 mg. per ml.  0.1 mi. of the renin 
solution produced a  25 to 35 nun. rise in blood pressure when injected intravenously into an 
unanesthetized dog. 
The inhibitory effect of kidney extracts from hypertensive dogs and that of preparations 
containing renin were tested in two different ways.  In the first method the extract was added 
TABLE I 
Cytockrome ¢ Content, Cytochrome Oxidase, and Sucdnic Dehydrogenase Activities of Kidney 
Tissue (Cortex) of Normal Dogs 
Dog No. 
Average:  1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Cytochrome c, ~g. per gin. of dried 
tissue  Cytochrome 
oxidase --Q02 
Manometric  Spectrophoto- 
method  metric method 
218 
238 
254 
282 
258 
244  320 
220  305 
210  295 
198  335 
240  315 
236  320 
315 
339 
296 
305 
288 
304 
271 
302 
312 
292 
Average:  10  302 
Succlnic  dehydrogenase 
Slices  Homogenized  suspensions 
-Q0,  -Q0j 
98  65 
118  78 
102  72 
96  61 
122  69 
106  81 
114  70 
108  58 
132  66 
112  85 
Ill  71 
to the tissue preparation from the normal dog and this mixture was incubated for 30 or 50 
minutes at 37.4  ° C.  At the end of this time, the substrate was added and the oxygen uptake 
measured.  In the second method, both the extract and the substrate were  added  simul- 
taneously to the tissue preparation from the normal dog, and the oxygen uptake again meas- 
ured.  In all these experiments the pH was maintained at 7.4.  Kidney extracts from normal 
dogs were used as controls.  The per cent inhibition was calculated from the ratio of oxygen 
uptake of the mixture as compared with the oxygen uptake of the individual components. 
The  methods  employed for the determination of the activity of the l- amino acid oxldase 
and the amine oxidase were the same as described in a  previous paper (1). 
FINDINGS 
The  results of these  studies are presented as follows: 
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the cytochrome oxidase and succinic dehydrogenase activities of kidneys from 
normal dogs. 
2.  Table II represents a  summary of the data obtained on the cytochrome c 
content of kidney tissue from dogs with renal hypertension. 
TABLE II 
Cytochrome c Content of Kidney Tissue (Cortex) of Hypertensive Dogs 
o 
Dos No.  ~ 
Hg  Hg 
1  134  130 
2  126  195 
3  135  190 
4  118  176 
5  120  185 
6  145  205 
7  129  184 
.0 
o 
days 
4 
109 
25 
136 
202 
34 
89 
Cytochrome  c, 
~g.  per  gm. of 
drmd tissue 
Right  Left 
kidney  kidney 
240  225 
40C  105 
295  185 
440  124 
395 490 110140 
275 445 15¢ 205 
340 560  95 125 
~.ver- 
age.7  130  181  86  341 498 '143 157 
8  135  215  88  160  145 
9  125  204  44  135  120 
10  130  208  74  185 225 
11  120  214  168  90 12(3 215 210 
12  128  192  149  105 16~ 165 175 
~kver  o 
age.5  128  207  105  135 17C 161 192 
Remarks 
Left renal artery partially constricted 
ct  tt  tc  ~t  ~ 
Perirenal application  of silk around left kidney 
~  tt  tt  tc  tt  tt  tt 
Both renal arteries partially constricted 
ct  tt  tt  t~  t~ 
Perirenal  application  of  silk  around  both 
kidneys 
Perirenal  application  of  silk  around  both 
kidneys 
3.  Table III gives a  summary of the data obtainc~ on the activities of the 
cytochrome oxidase and succinic dehydrogenase systems i,= kidney tissue from 
hypertensive dogs. 
4.  The  average  differences in  cytochrome  c  content and enzyme activities 
between kidneys of normal  dogs and kidneys of  hypertensive dogs are  given 
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TABLE III 
Cytochrome. Oxidase and Succinic Dehydrogenase Activities of Kidney  Tissue  (Cortex) of 
Hypertensive Dogs 
Mean  Mean  Dura- 
preop-  postop-  tion of 
Dog No.  erated  erated  renal 
blood  blood  hyper-  'o  ~ 
pressure pressure  tension 
Right kidney  Left kidney 
i 
Succinic  Succlnic 
dehydro-  dehydro- 
geuase  genase 
o'N  o'N 
Re.harks 
mm.B& ~.Hg  days  "-QO,!-00, "-00  "-00, -QO: "-00, 
2  126  195  109  493  236  11~  163  52  39  Left  renal artery partially 
!  constricted 
3  135  190  25  310  125  62  239  88  57  Left renal artery partially 
constricted 
4  118  176  136  434  281  131  156  64  46  Left renal artery partially 
constricted 
5  I20  185  202  517  164  122  149  58  29  Left  renal artery partially 
constricted 
6  145  205  167  442  168  102  46  34  Left renal artery partially 
constricted 
7  129  166  34  341  152  78  244  70  37  Perirenalapplicationof  silk 
around the left kidney 
14  135  182  89  385! 133  96  173  68  43  Perirenal application of  silk 
around the left kidney 
Aver- 
age.7  130  186  109  417  180  101  187  64  41 
9  125  215  88  141  75  3~  172  86  45  Both renal arteries partially 
constricted 
10  130  208  144  167  52  205  70  Both renal arteries partially 
constricted 
11  120  214  74  204  58  42  177  62  43  Both renal arteries partially 
constricted 
12  128  192  168  92  45  33  118  56  39  Perirenal application of silk 
around both kidneys 
13  134  190  149  136  38  3C  131  50  35  Perirenalapplicationof  silk 
around both kidneys 
Aver-  I  [  .... 
age.5  127  204  125  148  54  35  160  65  43 
5.  Table V  represents the findings obtained by studying the cytochrome c, 
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and succinic dehydrogenase activity in the removed and remaining kidneys of 
unilaterally nephrectomized dogs. 
6.  Table VI shows the inhibitory effect of kidney extracts from dogs with 
renal hypertension  on  the  respiratory enzymes of kidney tissue suspensions 
of normal dogs. 
TABLE IV 
HypertenSive dogs 
Normal 
dogs 
H 
I Renal artery 
Mean  Mean  Dura-  ! partially con- 
pre-  post-  Righ,  operated  )perated  tion of  stricted or peri-  40  dogs  blood  blood  hyper-  kid-  renal apphca- 
tension  hey  tion of silk 
pressure  pressure  Left kidney 
ram. Hg  ram. Hg  days 
[0  236  7  130  181  86  340  143  Cytochrome c, /~g. per 
gin. of dried tissue 
5  320  3  131  191  108  498  157 
l0  302  7  130  186  109  417  187  Cytochrome oxidase* 
!0  111  7  130  186  109  180  64  Succinlc dehydrogenase  ~ 
0  71  7  130  186  109  101  41  "  " 
Mean  Mean  Dura- 
No.  pre-  post- 
of  operated  operated  tion of 
dogs  blood  blood  hyper- 
pressure  pressure  tension 
'Both renal arteries partially constricted or peri- 
renal application of silk around both kidneys 
Right 
kid-  [  Left kidney  [ 
hey  I  I 
35  161  Cytochrome  c,/~g,  per 
70  192  gin. of dried tissue 
48  160  Cytochrome oxldase* 
54  65  Succinic  dehydrogenase* 
35  43  "  " 
Remarks 
Manometric 
method 
Spectrophoto- 
metric method 
(Slices) 
(Homogenized 
suspensions) 
Manometric 
method 
Spectrophoto- 
metric method 
(Slices) 
(Homogenized 
suspensions) 
* Expressed in -Qor 
7.  Table VII shows the inhibitory effect of preparations  containing  renin 
on the activities of the cytochrome oxidase,  the succinic  dehydrogenase, the 
/-amino acid oxidase,  and the amine oxidase  systems. 
In  normal  dogs  of similar  size  and  age,  the figures  obtained for enzyme 
activities agreed fairly closely.  The results of the spectrophotometric deter- 
ruination of cytochrome c were higher than those obtained by the manometric 
method. 
No significant  difference in enzyme activity was found between the left and 
right kidney of normal dogs of similar age and size. SIGWIN B. RASKA  233 
The results reported in Tables I, II, III, and IV show that when the renal 
artery was partially constricted or the kidney wrapped in silk, the cytochrome 
c concentration was reduced and the activities of  the cytochrome oxidase and 
the succinic dehydrogenase systems were markedly decreased. 
Since the activities of the cytochrome oxidase, the succinic dehydrogelmse, 
the amino acid oxidase, and the amine oxidase were found markedly lower in 
TABLE V 
Unilaterally nephrectomized dogs 
Dried renal tissue, ug. per gin. 
Dog  No. 
1 
2 
3 
4 
Average  ..... 4 
Time after 
nephrectomy 
(right  kidney) 
days 
124 
183 
6 
8 
80 
Cytochromec*[  Phosphorus~  Cytochromee* [  Phosphornst 
R~ht kidney  Left Kidney 
270  2810 
226  3090 
315  2945 
205  2760 
254  2901 
487  4295 
402  5120 
510  4680 
397  4025 
I  449  4530 
Right kidney removed, left renal artery partlaliy  constricted 
Right kidney  Left kidney 
Dog No. 
Average..2 
Time after 
nephrectomy 
and applying 
the clamp 
days 
28 
86 
57 
Mean post- 
operated blood 
pressure 
ram. H~ 
175 
224 
199 
Cytochrome  Succinic 
oxidase  dehydrogenase 
(suspension)  (slices) 
-002  -002 
312  122 
267  94 
289  108 
Cytochrome  Succlnic 
oxidase  dehydrogenase 
(suspension)  (slices) 
-00 Z  -002 
177  76 
137  54 
157  65 
* Manometric method. 
~: Nucleotide-bound phosphorus. 
the  kidneys of  the  hypertensive  dogs,  it  seemed possible  that  the  lowered 
activities might be due to a  deficiency of the enzymes or carriers responsible 
for respiration as well as to the presence of inhibitory substances in, the kidney 
of the hypertensive animal.  In testing this possibility, it was found that the 
respiratory activity of the kidney and liver tissue of the normal dog is markedly 
inhibited by the presence of kidney extracts from dogs with renal hypertension. 
Table VI shows that tissue suspensions and extracts of kidneys from hyper- 
tensive dogs exert an inhibitory effect on the oxygen consumption of kidney 
tissue slices and on the cytochrome oxidase, the succinic dehydrogenase, and 234  METABOLISM O]~  KIDNEY IN  RENAL HYPERTENSION.  II 
TABLE VI 
~ormal dog  Hypertensive dog  Control (normal dog)  Average inhibition 
Suspension 
:cortex),  rag. 
• o/zt welg/~ 
150 
135 
160 
155 
155 
160 
160 
160 
160 
215 
215 
215 
~8ot 
18o~ 
175~ 
170 
180 
180 
Suspension 
(cortex),  mg 
moist ~ight 
40 
110 
180 
210 
210" 
Extract (cortex), 
rag. dry ~cight 
65 
Not dialyzed 
65 
Dialyzed 
45 
Not dialyzed 
45 
Dialyzed 
45 
Dialyzed* 
30 
Not dialyzed 
25 
Dialyzed 
25 
Dialyzed* 
Suspension (cortex),  Cytochrome 
mg. moist walgh$  oxidase 
200 
200* 
Extract  (cortex) 
rag.  dry weight 
30 
(Not dialyzed) 
30 
Dialyzed 
30* 
Dialyzed 
peT ~ 
9 
12 
14 
24 
1! 
0 
8 
36 
27 
47 
29 
14 
47 
28 
16 
Succlni¢  Amine 
dehydro-  oxidase 
genase 
per c~  per r~nt 
11 
17 
21 
29 
16 
0 
9 
48  22 
38  25 
30  37 
22  20 
9  11 
38  24 
25  14 
12  8 
5  8 
10  8 
7  5 
(Prior to testing, the homogenized tissu¢ suspension from the normal dog was incubated 
with the tissue suspension or extract from the hypertensive dog or control (normal dog) for 
30 or 60 minutes at 37.4 ° C.  Inhibition calculated from the rate of oxygen uptake measured 
in a  Warburg apparatus  (37.4  °  C.).  Incubation time after addition of the substrate  30 or 
40  minutes.  Duration  of  hypertension  2  to  6  months.  Rise  in  blood  pressure  50  to 
80 ram. Hg.) 
Five normal and five hypertensive dogs were used in these experiments. 
* Heated at 100  ° C. for 5 minutes after dialysis.  :~ Liver suspension. 
the amine oxidase activities.  The extracts containing the inhibitor had a  more 
marked effect on suspensions  than  on slices.  This  is probably due to a  slower 
diffusion  of  the  inhibitor  into  the  slices.  When  the  dialyzed  extracts  were SIGWIN  B.  RASKA  235 
boiled for 5  minutes and  the  coagulated protein  filtered off, the  filtrate still 
contained some inhibitory activity.  The inhibitory factor or factors occur in 
both  the  dialyzable and  non-dialyzable fractions  of  the  tissue  preparation. 
Usually the non-dialyzable portion contains more inhibitory substance.  The 
inhibitory effect of preparations containing renin (Table VII) was considerably 
TABLE VII 
Tissue  (dog) 
Kidney: 
Suspension,  40 mg. moist weight 
st  40  ts  ts  tt 
t¢  40  tt  ct  tt 
ts  40  st  ts  tt 
Slices,  14  "  dry  " 
"  24  "  "  " 
Suspension*40  "  moist  " 
tt  40  tt  ~t  st 
st  40  st  st  st 
Liver: 
Suspension,  40 
"  40 
rag. moist weighi 
st  ~t  tt 
Average inhibition 
i 
Renin solution  Cytc 
chron 
oxida~ 
m/.  ~/,er ce 
0.2 
0.5 
1.0 
1.5 
1.0 
1.5 
1.0" 
1.5 
(100  ° C., 5 vain.) 
1.5 
M/20 phosphate buffer 
1.0 
Renin solution 
1.0 
Renin solution 
(100  ° C., 5 rain.) 
20 
32 
49 
71 
26' 
14 
51 
8 
Succh  c  l-Arab 
hyd~  acid 
i  oxid~ 
gena:  _  __ 
I per ¢t  4[ per ct 
17 
42 
67 
82 
41  23 
33 
37  14' 
17  11 
0  0 
39  45 
12  14 
Amine 
oxidase 
per cant 
11 
25 
34 
46 
19" 
8 
32 
7 
(Prior to testing, both the homogenized suspension and the renin preparation were  incu- 
bated together for 1 hour at 37.4  ° C.  Inhibition calculated from the rate of oxygen uptake 
measured in a  Warburg apparatus (37.4  ° C., pH 7.4).  Incubation time after addition of 
substrate: 30 or 44) minutes.  Five normal dogs were used in these experiments. 
* Both the renin solution and the substrate were added at the same time to the tissue sus- 
pension.  No incubation prior to testing. 
greater than that of tissue suspensions and extracts of kidneys from hyperten- 
sive  dogs. 
Determined both on a  dry and wet  weight  basis 1  week to 6  months after 
unilateral nephrectomy, the concentration of cytochrome  c,  of ttavin-adenine 
dinucleotide, of nicotinamide-adenine dinucleotides (coenzymes I and II), as well 
as the activities of the cytochrome oxidase, of the succinic dehydrogenase, and 
the amine oxidase systems was found to be about 20 to 60 per cent higher in 
the  remaining  kidney than  in  the  nephrectomized  kidney of  the  same  dog. 
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respiratory biocatalysts in the remaining kidney was noted before any demon- 
stmble  hypertrophy of the  organ occurred,  as evidenced  by an increase  in 
weight.  Also, in  dogs  rendered  hypertensive  by  unilateral  renal  arterial 
constriction,  or unilateral silk  perinephritis,  the  opposite  kidney, examined 
1 week to 4 months after operation, showed an increase above that of normal 
kidneys in the concentration of cytochrome c, of flavin-adenine dinucleotide, in 
nicotinamide-adenine  dinucleotides  (coenzymes I and II), and in the activity 
of cytochrome oxidase and succinic dehydrogenase  systems per gram of tissue 
(on a dry and wet basis).  This increase varied from 20 to 50 per cent, and was 
well above the average of normal kidneys of dogs of similar size and age, and 
for the most part roughly accorded  with the severity and duration of hyper- 
tension. 
A comparison  between  the opposite  kidney of a  dog with unilateral renal 
arterial constriction and the remaining  kidney of a unilaterally nephrectomized 
dog showed differences in the  rate of increase of activity of the respiratory 
biocatalysts.  The metabolic  changes developed much slower in the opposite 
kidney of dogs with unilateral renal arterial constriction. 
Examination of the opposite  kidney of hypertensive dogs  with unilateral 
constriction  of the renal artery or unilateral silk perinephritis,  after the blood 
pressure fell, and in some cases returned almost to the normal level, showed a 
persistence  of the increased activity of the respiratory enzymes. 
DISCUSSION 
It has been reported (Raska (1)) that the oxygen  consumption  of kidney 
slices and the oxidative  deamination of amino acids and amines of slices and 
of extracts of kidneys from hypertensive dogs were found markedly decreased 
as compared with kidneys from normal dogs.  It was assumed that a decrease 
in the activities of the cytochrome-cytochrome  oxidase systems occurs.  This 
assumption is confirmed in the present paper.  The kidneys from the hyper- 
tensive dogs showed a significant decrease in the concentration of cytochrome c, 
and in the activities of the cytochrome oxidase and the succinic dehydrogenase 
systems. 
It will be  shown  in a  succeeding paper that the rate of the oxidation of 
pyruvate, and the rate of ammonia formation from glutamine, the oxidative 
deamination of/-glutamate, as well as the phosphorylation of carbohydrates 
(aerobic  phosphorylation) are  markedly reduced  in  the  kidney of the  dogs 
made hypertensive by the clamping procedure or by the perinephritis  method, 
as compared with the normal kidney of normal dogs. 
The alteration of intrarenal hemodynamics which initiates renal hypertension 
may be a reduction of the blood flow through the kidney (Goldblatt (2)) or a 
reduction in the intra renal pulse pressure (Kohlstaedt and Page (16); Corcoran SlCWm B. RASr~  237 
and Page (17).  Either may lead to a reduction in the eificiency of the renal 
blood circulation which would be accompanied by a reduction of the interstitial 
fluid circulation.  This may bring about profound metabolic changes in the 
kidney by reducing the supply of electrolytes, substmtes, and other cell nu- 
trients to the renal cells, and by  decreasing the rate of the removal of  metabolites 
and inhibitor substances.  In  renal hypertension an increased  formation of 
proteolytic enzymes occurs in the kidney which in turn may partially inhibit 
the activities of some respiratory enzymes.  The findings reported in this and 
in the previous paper (1) namely that the formation of ammonia from amines 
and amino acids is significantly  reduced in  the kidney of dogs  which  were 
made hypertensive by the clamping procedure  of Goldblatt and associates  or 
by Page's .cellophane or silk perinephritis method, indicate a  disturbance of 
the regulation of the acid base balance in the kidney in renal hypertension. 
It thus appears that ample reasons exist for decreased formation and decreased 
activity of certain respiratory enzymes. 
It is reasonable  to assume  that the alterations caused  in the intmcellular 
metabolism by the  reduced power  of the  oxidative  mechanism lead to  an 
increased formation and secretion of renin by the kidney in hypertension, and 
these  alterations may thus  be  responsible  for the  appearance  of the  large 
amounts of renin and of angiotonin and angiotonin-llke substances  in the renal 
venous blood  of the  hypertensive animal.  By the  same  alteration of the 
oxidative mechanism in the kidney in renal hypertension other vasoconstrictor 
substances  may also be produced or released  (Raska (1)). 
Since the oxidative  enzymes are important for the inactivation of various 
vasoconstrictor substances,  including angiotonin, a  decreased  activity of the 
oxidative mechanism not only of the kidney but also of the liver and blood 
may result in accumulation and prolonged circulation  of vasoconstrictor sub- 
stances which lead to persistent hypertension. 
The fact that in dogs rendered hypertensive by unilateral partial constriction 
of the renal artery the increased concentration and activity of the respiratory 
enzymes persisted  in the opposite  kidney after the blood pressure  fell and in 
some dogs returned to almost the normal level, indicates that after the unilateral 
clamping procedure  the opposite  kidney oxidizes to a  greater extent and, by 
some means still undetermined, counteracts the rise in blood pressure. 
From the results of the part of this study which deals with the determinations 
of the concentration and activity of respiratory enzymes in the excised normal 
kidney and in the remaining kidney of unilaterally nephrectomized dogs,  it 
can be concluded that an increase in the concentration and in the activity of 
the  respiratory  enzymes  preceded  hypertrophy of  the  remaining  kidney. 
This can be explained by the assumption that an increase in the concentration 
and in the activity of the respiratory biocatalysts acts as a  stimulus for cell 
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The  reduced oxidizing power of the  kidney in  renal hypertension can be 
caused not only by a deficiency of essential biocatalysts but also by the action 
of inhibitory substances including proteolytic enzymes. 
Evidence for the presence of inhibitory substances in the kidneys of hyper- 
tensive dogs is seen in Table VI, which shows that extracts from kidneys of 
hypertensive dogs have an inhibitory effect on the  cytochrome oxidase, the 
succinic dehydrogenase, and the amine oxidase systems. 
As shown in Table  VII, preparations containing renin exert an inhibitory 
effect on  the  cytochrome oxidase,  the  succinic  dehydrogenase, the  /-amino 
acid oxidase, and the amine oxidase systems.  It must be pointed out however 
that pure renin has not yet been isolated, and that the renin solution used may 
contain other factors responsible for the inhibitor effect demonstrated. 
Renin is present in high concentration in the normal kidney and it can be 
assumed that the normal kidney secretes renin in small amounts.  In renal 
hypertension the  rate  of the  secretion  of renin  is  greatly increased.  Page 
(18),  and Kohlstaedt and Page  (19)  reported the presence of large amounts 
of renin in the renal vein blood of the hypertensive animal.  Accompanying 
the increased secretion of renin in hypertension there must occur a simultaneous 
increase  in the  rate  of formation of renin.  Like other proteolytic enzymes 
such as pepsin  or trypsin, renin may have a  precursor.  Under the altered 
conditions existing in the kidney in renal hypertension the rate of formation 
of renin from its precursor may be increased. 
Furthermore changes in the physicochemical state of the cellular membrane 
may lead to a  greater permeability for renin, thereby increasing its rate  of 
secretion. 
The findings reported in this and a previous paper give evidence of a deranged 
intermediary metabolism in the kidney of dogs with renal hypertension.  A 
biochemical characteristic  of experimental renal hypertension and probably 
of renal hypertension in human beings, seems to be a  functional derangement 
of the cells of the parenchyma followed by a readjustment of these cells involv- 
ing changes  in the metabolism of  many substances.  All  these changes  can 
occur without any visible histopathologicat manifestations detectable by the 
ordinary means.  It is known that certain enzyme systems such as cytochrome 
oxidase,  succinic  dehydrogenase,  amine  oxidase,  and  l-  and  d-amino  acid 
oxidase are associated with insoluble components of the cell.  By the employ- 
ment of special staining techniques it may be possible in the future to demon- 
strate pathological changes in these structures in the kidney in renal hyper- 
tension. 
Since  the  clinical picture of essential hypertension in man is very similar 
to that of experimental renal hypertension in dogs, it seems justifiable to expect 
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SUMMARY 
These  investigations  are  part  of an  attempt  to  study and  interpret  the 
intermediary metabolism of the kidneys in experimental renal hypertension. 
Hypertension was produced in dogs by the clamping procedure of Goldblatt 
and associates or by the silk perinephritis method of Page.  Enzymatic studies 
were made by means of Warburg's manometric method.  Cytochrome c was 
in  addition  determined  spectrophotometrically.  Tissue  slices,  homogenized 
tissue, and tissue extracts were used. 
A  study of the cytochrome c  concentration and the activities of the cyto- 
chrome oxidase and succinic dehydrogenase systems of kidneys from normal 
dogs and dogs with experimental renal hypertension was made.  It was found 
that  the  cytochrome c  concentration and  the  activities  of the  cytochrome 
oxidase and succinic dehydrogenase systems were markedly lower in the kidney 
slices and  in the  tissue  suspensions from hypertensive dogs. 
Tissue suspensions and extracts of kidneys from hypertensive dogs showed 
an inhibitory effect on the activity of the cytochrome oxidase  and  succinic 
dehydrogenase,  and  the  amine  oxidase  systems.  Renin  preparations  also 
showed a  marked  inhibitory effect on the  activities of cytochrome oxidase, 
succinic dehydrogenase,/-amino acid oxidase, and amine oxidase systems. 
A significant increase was found in the kidney of dogs whose other kidney had 
been removed or subjected to Goldblatt's or Page's technique in the activities 
of  the  cytochrome-cytochrome oxidase  system,  the  succinic  dehydrogenase 
system, and in  the concentration of nucleotide-bound phosphorus,  of flavin- 
adenine dinucleotide, and of the nicotinamide-adenine dinucleotides (coenzymes 
I  and II).  From the results of these studies it can be concluded that an in- 
crease in the concentration and activity of the respiratory enzymes precedes 
hypertrophy of the kidney.  This can be explained by the assumption that an 
increase in the activity of the respiratory biocatalysts acts as a  stimulus for 
cell growth and multiplication. 
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